Lawrence Livermore National Laboratory

PROGRAM UPDATE - MAY 2003

I (g&}r Laser Science & Technology
K,

Large-ApertureReactivelon
Beam Etcher (RIBE) Operational
for Fabrication of Meter-Scale
Gratingsfor HEPW Lasers

To enable high-energy petawatt (HEPW)
laser operation on NIF, LS& T isdeveloping
high-energy, short-pulse gratings and focusing
opticsfor the back-end system. Sincethe laser
pulseisshortest and irradianceishighest on
thefina grating and focusing optic, the output
of future HEPW laserswill belimited by the
damagethreshold of these components.
Current design for generating 5-kJ, 10-pslaser
pulseson NIF cdl for gratingsadmost 2min
long gpertureto optimize NIF HEPW system
performance.

Theresearchersinthe Diffractive Optics
Group are currently devel oping high-damage-
resisance, large-gperture multilayer dielectric
reflection gratings for compression of the
amplified pulses. Initid testsindicate that
multilayer didectric (MLD) coated gratings
etched intoaS O, layer hold the promise for
high-fluence operation in NIF HEPW.

A large-gperture reactiveion mill has
been built and activated to etch submicron-
pitch grating structuresinto meter-scale
subgtrates. Figure 1 showsthe machinewith
the crew responsible for putting it together.
MLD graingsaslarge as 2000 x 800 mmin
areacan befabricated. The heart of the sysem

Figure 1. The reactive ion mill (foreground), the
vacuum chamber (background), and the RIBE team
members. From left to right, front row: Jerry Britten,
Lori Risinger, Jim Peterson, Kent Farmer, James
Nissen. Back row: Mike Aasen, Curly Hoaglan, Glenn
Beer, Chris Barty, Les Jones, Jim Ferguson, Tom
Carlson, John Laycak, Manny Carrillo, A. C. lyer. Not
pictured, Jim Colton, Dennis Couts, Steve Mills.

Dr. Lloyd A. Hackel, Program Leader

Vacuum chamber

isacommercial RFpowered ion source
that emitsacollimated beam of ions6 cm
wideby 110 cm long. We use ablend of
chemicas (condsting of Freon compounds,
argon, and oxygen) to generate reactive
fluorine atoms, ions, and freeredicals,
which sdlectively etch oxide materids
through the photoresist mask to creste
grating Structures over large multilayer-
coated subgrates.

Theetcher is gpproximately 18 ft long,
8fttal, and 3 ft wide Theion sourceis
mounted vertically in the center chamber.
A linear sagetrandatesthe petterned
substrate back and forth acrosstheion
beam, with each passremoving asmal
amount of materid. Figure 2 showsasche-
metic of theion beam etcher. Vacuum level
in the chamber istypicaly 2<10 Torr
during processing.

Thereflection gratings devel oped for
HEPW (Figure 3) are composed of two
functioning structures: amulltilayer stack of
didectric oxidesthat provide reflectivity at
wavelength and angle of useand aSIO,
grating layer with width and height of
grooves designed for maximum efficiency.
Thekey to high-damage-fluence MLD
gratingsisminimizing the E-fidld
enhancement at groove surface. Weare
currently damage testing sample gratingsto
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Figure 2. Schematic of the
ion beam etcher.
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verify the NIF HEPW design. This new tool
will beintegrated with our existing
holographic exposure, chemica processing and
metrology equipment to fabricate meter-scde
gratings.

Near-term work will focuson
optimizetion of process parametersto etch SO,
and Ta,0, oxidelayers, and to remove
photoresist with oxygen RIBE. The ultimate
god isto fabricate theworld'slargest
multilayer didlectric gratingsto field HEPW
laser beams on NIF for stockpile sewardship,
fagt-ignition fusion, and extreme-field science
experiments.

Figure 3. Microstructure of a multilayer dielectric
grating. Grating lines 150 nm wide, 600 nm tall on
555 nm centers etched into SiO, layer atop a
multilayer structure of Ta,04, SiO,, and Al,04.
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